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Abstract 
Castanea mollissima pigment (CP) is a naturally occurring brown pigment 
extracted from the shells of Chinese chestnut. In this research, CP was studied for its 
potential application as a multi-purpose food additive which possesses antioxidant as 
well as antimicrobial activities in addition to its colour property. Various in vitro 
antioxidant assay methods have been employed, including the Trolox equivalent 
antioxidant capacity (TEAC) assay, the DPPH* scavenging method, p-carotene 
bleaching method, and the hemolysis assay. It was found that CP exhibited strong 
antioxidant activity no matter in hydrophilic, lipophilic or cell system. The application 
of CP as food antioxidant was evaluated by the determination of inhibition of lipid 
peroxide formation in different food models. CP was also found to have antimicrobial 
activities on food borne bacteria and fungi. These suggest that CP has the potential to be 
a multi-purpose food additive. 
To explore other potential application, the antiproliferative activity and the 
cytotoxicity of CP on selected human cancer cell lines including HepG2, COL0201 and 
D M S 7 9 were conducted. CP showed antiproliferative effect on these cell lines but no 
cytotoxic effect was found. The possibility of anticancer activity of CP might further 
expand this pigment's application as a value-added food additive with health beneficial 
property. 
Preliminary characterization of CP was also carried out. A major brown colour 
fraction was isolated by Sephadex LH-20 column chromatography. This purified brown 
coloured fraction displayed higher antioxidant activity, total phenolic content and 
antiproliferative activity than those of the crude CP. The Fourier transform infrared 
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Chapter 1 Introduction 
1.1 Botany 
Castanea mollissima, the Chinese chestnut belongs to the Family Fagaceae. It is 
an economical plant cultivated in different regions of China. The tree reaches a height 
and spread of about 40 feet in a sunny, open exposure and well-drained soil. Leaves are 
simple, pinnately veined and in alternated arrangement. Flowers are white or yellow in 
color with pleasant fragrance and flowering in summer. Fruits are nuts, which are edible 
and mature in September. The size of the fruits are 1 to 1 1/4 inches in diameter, brown 
and mostly round, but flattened on 1 to 2 sides, 2 to 3 in each bur. The burs are 2 to 3 
inches in diameter with sharp spines. 
The shells of Chinese chestnut are brown in colour. They are usually disposed of 
as agricultural waste. A water-soluble brown pigment was extracted from the shells of 
Chinese chestnut by aqueous extraction followed by solvent extraction to remove 
non-colored impurities (Leung, 2001). 
The chestnut pigment (CP) is brown in colour, odourless and very stable under 
light and high temperature (121°C). Mutagenicity test showed that CP is not genotoxic. 
Safety evaluation of CP showed that the pigment has no toxic effect on experimental 
animals in both acute and chronic toxicity studies. Therefore, CP has the potential use as 
a food colorant (Leung, 2001). 
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1.2 Food additives and food preservation 
The quality of foods is affected by many environmental factors including 
temperature changes, oxidation, and exposure to microbes. Over 3000 different chemical 
compounds are used as food additives by providing protection against food spoilage 
during storage, transportation, distribution or processing. Foods are subjected to many 
environmental conditions, such as temperature changes, oxidation and exposure to 
microbes, which can change their original composition. Food additives play a key role in 
maintaining the food qualities and characteristics that consumers demand, keeping food 
safe and wholesomeness (Sudesh Jood, 2002). According to the definition of Food and 
Drug Administration (FDA) and Food Protection Committee, food additive is any 
substance, or mixture of substances, other than the basic foodstuff, which is present in 
food of any aspect of production, processing, storage or packaging. There are five main 
functions for food additives: (1) to maintain product consistency; (2) to improve or 
maintain nutritional value, (3) to maintain palatability and wholesomeness, (4) to 
provide leavening or control the pH and (5) to enhance flavor or impart desired color. 
Generally, food additives are classified into various groups: (1) preservatives, (2) 
antioxidants; (3) sequestrates, (4) emulsifier or surface-active agents, (5) colouring 
agents, (6) buffer, acids and alkalis etc. Some of their functions and examples are listed 
in Table 1.1. 
1.2.1 Lipid peroxidation 
Lipid oxidation is one of the major causes of food quality deterioration (Fereidoon 
Shahidi, 1995). Oxidation of lipids in food is responsible for rancid odours and flavours, 
which decrease food quality including nutritional quality, colour, flavour, texture, 
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wholesomeness and safety. The oxidation of lipid involves three stages: initiation, 
propagation and termination. (Polorny et al., 2001) Initiation step refers to any process 
affording the necessary starting radicals while the termination process destroys the 
species in the chain. The first step is initiation in which lipid radicals are formed from 
lipid molecules. The abstraction of hydrogen atom by a reactive species such as a 
hydroxyl radical may lead to initiation of lipid oxidation. In edible oils, hemolytic 
cleavage of hydoperoxide is a relatively low energy reaction and normally the main 
initiation step. 
X + R H • R . + X H (1.1) 
R O O H • RO- + O H (1.2) 
2 R 0 0 H • RO. + ROO. + H2O (1.3) 
After initiation, it is the propagation stage which lipid radical is converted into a 
different lipid radical. This stage commonly involved an abstraction of a hydrogen atom 
from a lipid molecule or addition of oxygen to an alkyl radical. 
R- + O2 • ROO- (1.4) 
ROO- + R H ^ R O O H + R- (1.5) 
At termination stage, free radicals combined to form molecules with a full complement 
of electrons. In frying oils, the termination stage is important because the number of 
polymers contributes to the viscosity of oil. 
R O O - + ROO. •ROOR + O2 (1.6) 
ROO- + R • R O O R (1.7) 
R.+R. • R R (1.8) 
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1.2.2 Role of food antioxidant 
Antioxidants are any substance that delays or inhibits oxidative damage to a target 
molecule such as lipid, protein, nucleic acid and carbohydrate (Frankel et al., 1996). The 
addition of antioxidants could therefore increase the stability and shelf life of food by 
preserving the flavour, colour and avoid vitamin destruction. 
Both synthetic and natural food antioxidant could delay the lipid oxidation process 
in food products. Synthetic antioxidants are mainly phenolic compounds, including 
butylated hydroxyanisole (BHA), butylated hydroxy toluene (BHT), tert-butyl 
hydroquinone (TBHQ), propyl gallates (PG), which were introduced in the 1940s. B H A 
and B H T have been widely used to preserve and stabilize pharmaceuticals, fat-soluble 
vitamins and cosmetics (Williams et al., 1999). Their structures were showed in Figure 
1.1. However, B H A and B H T are reported as potentially toxic and the use of B H A and 
B H T is limited to 100-200ppm (Hadhavi et al., 1996). 
In recent years, there has been an enormous demand for natural antioxidants that 
have been identified from plants, animal tissues and microorganisms, mainly due to the 
adverse toxicological reports on synthetic compounds. Some of the natural occurring 
antioxidants are listed in Table 1.2. Natural antioxidants are generally healthier and safer, 
but they require higher manufacturing costs and considered to be lower efficiency 
(Moure et al., 2001). The majority of natural antioxidants are phenolic compounds and 
the most important groups of natural antioxidants are the tocopherols, flavonoids and 
phenolic acids. Moreover, some natural antioxidants such as flavonols, flavones, 
catechins from tea leaf, rosemary antioxidants and spice extracts have been reported to 
be more active than BHA, B H T in model systems (Jan Polorny et al., 2001). Therefore, 
many recent researches focus on the identification of novel antioxidants from natural 
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sources. 
1.2.3 Microbial spoilage 
Microorganisms, including bacteria and fungi in food may have adverse such as 
caused food spoilage and harmful to human health. However, some microorganisms 
have useful function such as fermentation in food products (Banwart, 1989). Useful 
microbes produce desirable changes in food such as converting milk to cheese or grape 
fruit to wine. However, some microorganisms cause food spoilage and deterioration in 
food appearance, odour or flavour. In worst case, pathogenic microorganisms even 
harmful to human health and cause food borne infection and intoxication. 
Food borne microorganisms are one of the major causes of food spoilage and food 
borne illness. Some of the food spoilage microorganisms, for example, Neurospora 
crassa and Bacillus subtils, cause deterioration in the appearance, texture, odor, or flavor 
of the food. These affect the quality and wholesomeness of food products. Food borne 
pathogenic microorganisms, for example Listeria monocytogenes and Salmonella 
typhimurium are toxic and invasive which can multiply in food and the human body and 
cause food borne illness. Toxin production bacteria such as Staphylococcus aureus could 
produce toxin that cause food intoxication. Some of the food borne pathogens and their 
adverse effects on human health are listed in Table 1.3. 
Most food antimicrobial agent are employed mainly to prevent or delay the 
microbial growth that cause food spoilage. However, there is increasing focus on the 
additional role of preventing the multiplication of any food pathogens (Russell et al., 
2003). The addition of antimicrobial agent as food preservative might prevent or delay 
the problem by (1) inactiving the microorganisms, (2) slowing down microbial growth 
5 
and (3) killing the microorganisms, thus increasing the shelf life of food product. Typical 
examples of antimicrobial agents in foods are sodium benzoate and proprionic acid 
which widely use in fruit juices and bakery products. 
1.2.4 Additives in the future 
There is a continuous development of new and more efficient food additives. In 
the recent years, more and more attention has been focused on the safety and quality of 
food additives (Sudesh Jood, 2002). However, there are serious problems concerning the 
safety and toxicity of chain-breaking synthetic food additives, such as B H A and BHT, 
related to their metabolism, possible absorption and accumulation in human organs and 
tissues (Branen et al., 1975). Moreover, they are highly volatile and unstable at elevated 
temperatures (Matthaus, 2002). Therefore, there is a growing interest and great demand 
on natural food additives instead of synthetic ones. 
Plants contain a wide range of phenols, which contain a benzene ring with 
hydroxyl groups attached. These hydroxyl groups have chain-breaking antioxidant 
activity (Halliwell et al., 1994). Moreover, many of these phytochemicals have 
antimicrobial effects and physiological benefits to human health. In recent years, the 
multi-functionality of natural food additives has been practiced. For example, garlic and 
polyphenols from tea could elicit multifunctional of antimicrobial effect as well as 
physiological benefits to human health (Bidlack et al., 2000). Therefore, natural food 
additives with multifunctional beneficial effects are being searched since they are highly 
attractive to customers. 
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1.3 Antioxidant and health benefits effect 
The importance of oxidation in biological system and in foodstuffs has been 
widely recognized in the past decade. Oxidative stress, an imbalance between 
pro-oxidants and antioxidants, is believed to play an important role in the pathogenesis 
of human disease including cancer, arteriosclerosis, malaria, rheumatoid arthritis and 
aging-related disease (Moure et al., 2001). Both artificial and natural antioxidants have 
been reported to play an important role in preventing these human disease and tissue 
damage by scavenging the free radicals as well as preventing lipid oxidation. 
Free radicals are atoms or groups of atoms with one or more unpaired electrons 
and can be formed when oxygen interacts with certain molecules (Langseth, 1995). 
Many free radicals are unstable and highly reactive and some of them are listed in Table 
1.4. Reactive oxidation species (ROS) are the oxidants with a tendency to donate oxygen 
to other substances. Many of them are free radicals (Halliwell et al., 1989, 1994) and are 
produced continuously in the human body as a consequence of normal metabolic 
processes. 
1.4 Measurement of antioxidants 
As the antioxidant activity is strongly dependent on the model system in which it 
is evaluated, a single analytical assay may be inadequate. Therefore, a number of 
antioxidant activity assays have been used to monitor and compare the antioxidant 
activity of antioxidants compounds. 
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1,4.1 Trolox equivalent antioxidant capacity (TEAC) assay 
The Trolox equivalent antioxidant capacity (TEAC) assay is based on the 
scavenging of the A B T S + radical cations and converting it into a colourless product. 
This assay has been used to measure the total antioxidant activity in pure substance, 
body fluid and plant extracts (Antolovich, 2001). Originally, this assay was described by 
Miller et al. in 1993. This assay is based on the reduction of the accumulation of A B T S + 
radical cations and the A B T S + radical cations are formed by hydrogen peroxidase of 
metmyoglobin by antioxidants. However, Strube et al. (1997) found that some 
compounds might inhibit the peroxidase activity. To overcome this problem, the assay 
has been modified by using pre-forming A B T S + radical cations. This modified method 
was recommended by Miller et al. (1996), which stable ABTS.+ radical cations are 
pre-formed by the reaction of A B T S and manganese dioxide. The assay principle was 
based on the decolourization of the blue-green A B T S + radical cations, which has 
secondary absorption maxima in wavelength regions of 645nm, 734nm and 815nm, by 
antioxidants. 
In this assay, ABTS.+ radical cations are pre-formed to an equilibrium 
concentration. Addition of antioxidants resulted in time-dependent reduction of 
blue-green color, which can be measured by spectrophotometer at 734nm. By comparing 
the reduction of colour intensity of antioxidant compounds to that of Trolox, a 
water-soluble vitamin E analogue, the T E A C value can be evaluated. T E A C value is the 
concentration of Trolox solution with equivalent antioxidant potential to a Img/ml 
concentration of the compound under investigation (Rice-Evan et al., 1995). 
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L4.2 DPPH* radical scavenging assay 
The DPPH* radical scavenging assay is based on the measurement of free radical 
scavenging activity of antioxidants utilizes a stable radical, 2,2-diphenyl-1 -picryl-
hydrazyl (DPPH.) (Brand-Williams et al., 1995). Since this method is rapid, simple and 
inexpensive, it is widely use by researchers for measuring antioxidant activity of food 
sources. The odd electron in the DPPH* free radicals shows a strong absorption band 
maximum at 517nm and it is violet in colour. When the odd electron of DPPH* radicals 
become paired with the hydrogen from free radical scavenging antioxidants (AH), the 
colour of DPPH* changes from purple to yellow (DPPH-H) and hence the absorbance 
decrease. The resulting decolourization is stoichiometric with respect to the number of 
electrons captured (Fauconneau et al., 1997). 
DPPH' + A H • DPPH-H + A' (1.9) 
DPPH' + • DPPH-R (1.10) 
1.4.3 P-carotene bleaching assay 
3-carotene bleaching assay is a simple and widely used method to screen the 
antioxidant activity by an emulsified system. The principle of the p-carotene bleaching 
assay is based on the determination of the ability of the antioxidant compounds to 
protect against the oxidation of p-carotene and linoleic acid emulsion (Lee et al, 1995). 
Under heat condition (50°C), P-carotene and linoleic acid emulsion would be oxidized 
and produced lipid radicals. These lipid radicals decolorize |3-carotene and hence the 
absorbance at 470nm decreases. However, the lipid oxidation can be terminated by the 
addition of antioxidant compounds. Therefore, the level of percentage inhibition of 
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decolonized p-carotene bleaching assay represented the antioxidant activity of the 
sample. 
1.4.4 Assay for erythrocyte hemolysis mediated by peroxyl free radicals 
The oxidative hemolysis using rat erythrocytes induced by peroxyl free radicals 
and the inhibition by chain-breaking antioxidant compounds have been studied by the 
hemolysis assay. Since the erythrocyte membrane contains abundant polyunsaturated 
fatty acids (LH), which are very susceptile to peroxyl free radicals induced oxidation. In 
this assay, water soluble peroxyl radicals were firstly generated by thermal 
decomposition of 2,2'-azobis(2-amidino-propane) dihydrochloride (AAPH) in the 
presence of oxygen. These peroxyl radicals attack the erythrocyte membrane and induce 
the chain oxidation of lipid and protein. The membrane organization is therefore 
disturbed and eventually hemolysis results. The addition of antioxidant compound could 
protect the erythrocytes from hemolysis by scavenging the oxygen radicals. 
1.4.5 Measurement of lipid peroxidation in foods 
Lipid oxidation in food not only produces off-flavours and palatability problems 
but also lead to the production of toxins that cause food poisoning and loss of fat-soluble 
vitamins. The measurement involves a variety of technique because the oxidation 
process involves several stages. Some of the analytical methods are listed in Table 1.5. 
Since hydrogen peroxide is the primary product of the initial stage of lipid oxidation, it 
plays a key role in the further autoxidation of lipids. Therefore, peroxide value (PV) is a 
common parameter used to assay lipid oxidation (Antolovich et al., 2001). There are 
several techniques for the detection and quantification of hydroperoxides, however, most 
1 0 
of them have significant limitations. For example, the measurement of the oxidation of 
iodide technique, followed by titration of the liberated iodine is a technique adopted as 
official standard in several countries. This technique has good specificity but low 
sensitivity and needs to exclude oxygen from reaction. Therefore, choosing a sensitive, 
reliable and specific method is very important in the analysis of lipid peroxidation. 
Some methods measure the concentration of secondary oxidation products are 
often used. These secondary oxidation products include aldehydes, ketones, acids, 
alcohols, lactones, ethers, hydrocarbons and furan derivatives. The total content of 
carbonyls including aldehydes and ketones values has also been used in different 
oxidative stability studies. Moreover, the determination of the content, in the oil or in its 
headspace, of concrete aldehydes has also been used for measuring oxidative stability. 
However, some of these methods have been criticised because the determination 
conditions cause the degradation of hydroperoxides into carbonyl derivatives and thus 
giving erroneous results. 
The peroxide value generally serves as an indicator for lipid oxidation since 
peroxide is the primary lipid oxidation product. PeroXOquant^^ quantitative peroxide 
assay detected hydrogen peroxide based on the oxidation of ferrous to ferric ion by lipid 
peroxides under acidic condition. In the presence of xylenol orange, the dye forms a 
purple complex with ferric ion that could be detected at 595nm spectrometrically. This 
assay is suitable for various purposes such as quantification of detergent peroxide, 
monitoring cellular activity (Zadehv et al., 1994) and measuring peroxide accumulation 
in lipid (Shantha, 1994). 
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1.5 Antiproliferative studies 
Cancer is one of the leading causes of death all over the world. A number of risk 
factors of cancer have been identified including smoking, diet, pollution and infection of 
virus (Tominaga, 1999). 
There is increasing emphasis on anticancer research of phytochemicals since they 
are believed to be potential cancer chemopreventive agents (Loo, 2003). Many 
epidemiological studies suggest that the increased intake of antioxidant containing food 
can protect against D N A damage, which is an initial step of cancer development 
(Lopaczynski et al., 2000, Willett et al., 1996). The ingestion of fruits, vegetable, and 
herbs are recommended as a part of caner prevention due to their phytochemical 
constituents (Lopaczynski et al, 2001). However, the direct mechanisms and evidence 
of the relationship between antioxidant activity and cancer is still not clear. 
1.5.1 MTT assay 
The M T T assay is a quantitative colorimetric assay widely used method for 
detecting cell growth (Kao et al., 2001, Lee et a/.,1999, Rainsforf et ^ ?/.,2001) due to its 
rapidity and low cost. In viable cells, water-soluble yellow tetrazolium salt (MTT) is 
transported into the cells by endocytosis and was converted to form a dark blue 
formazan product due to the mitochondrial dehydrogenase activity (Molinari et al., 
2003). Therefore, the number of viable cells is proportional to the amount of dark blue 
formazan product, which could be detected at 570nm by spectrophotometer. Therefore, 
the growth and survival of cells could be determined by measuring the colour intensity 
of formazan products. 
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1.5.2 Cell Proliferation ELISA-BrdU (chemiluminescence) assay 
Cell proliferation could be determined by various methods including staining with 
crystal violet (Grillies et al” 1986, Hawker, 2003) and cell mediated tetrazolium dyes 
(Hawker, 2003, Mosmann, 1983). Incorporporation of radioactive thymidine is also a 
widely used method for the quantification of cell proliferation in cultured cells, however, 
the disadvantage of this method included high cost and safety of the use and disposal of 
radioactive materials. 
The Cell Proliferation ELISA-BrdU assay (Roche) is a chemiluminscence assay 
that based on the incorporation of a pyrimidine analogue 5-bromo-2'-deoxyuridine 
(BrdU) into the D N A of proliferating cells. The incorporation of BrdU into D N A is then 
detected by immunoassay. It is a precise, fast and simple, non-radioactive method for 
determination of cell proliferation. The immune complexes are then detected by the 
subsequent substrate reaction, in which the products in an excited state are formed and 
decay to the ground state by emitting light. This signal is finally quantified by measuring 
the photons using a microplate luminometer. 
1.5.3 Cytotoxicity detection assay (LDH) 
The cytotoxicity detection assay is a reliable, sensitive, fast and simple 
colorimetric assay for the quantification of cell death and cell lysis. The principle of this 
assay is based on the measurement of lactate dehydrogenase (LDH) activity, which is a 
stable cytoplasmic enzyme released rapidly from the cytosol of damaged cells into the 
cell culture supernatant. This method is widely used for determination of cytotoxicity of 
various substances (Valtcheva et al., 2003). 
In this assay, there are two reactions to illustrate the assay principle. Firstly, L D H 
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catalyzed the conversion of lactate to pyruvate by the involvement of N A D + to N A D H / 
H+. Then, tetrazolium salt converts to its formazan product, which could be detected at 
492nm, due to the presence of catalyst by the involvement of H/H+ and N A D H / H+. 
When there is an increase in the amount of plasma-membrane damaged or dead cells, 
more L D H is released into cell culture supernatant and this correlates to the formation of 
formazan product. Therefore, the number of dead or plasma-membrane damaged cells is 
proportional to the red formazan products formed. 
1.6 Characterization of phenolic compounds 
Phenols are one of the major plant compounds that are interested from many 
points of view such as antioxidant activity, astringency and colour (Moure et al., 2001, 
Packer, 1999). 
1.6.1 Sephadex column chromatography 
Sephadex LH-20 is cross-linked dextran that has been hydroxypropylated to yield 
a chromatographic media with both lipophilic and hydrophilic characters. It is 
specifically designed for separation and purification of natural products, such as steroids, 
phenolic compounds, terpenoids, lipids and low molecular weight peptides, in various 
organic solvents. In addition, it is a useful product at both analytical as well as industrial 
scale. Separating sample components is simple by partition or absorption between the 
mobile and stationary phases. The advantage includes excellent batch-to-batch 
reproducibility. 
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1.6.2 Folin and Ciocalteu's assay 
Folin and Ciocalteu's assay is a simple, convenient, reproducible and quantitative 
method widely used for the determination of phenolic content (Packer, 1999, Wolfe et al., 
2003). The principle of the assay is based on the oxidation of phenolic compounds by 
Folin reagent to form a blue colour complex, which could be detected at 725nm. Since 
different phenolic compounds reacted to different degrees, the results should be 
expressed as the milligrams per liter gallic acid equivalence. 
1.7 Research objectives 
The objective of this research is to investigate the potential use of CP as natural 
multifunctional food additive, which possesses antioxidant activity as well as 
antimicrobial activity in addition to its coloring property. The in vitro antioxidant 
activity of CP was investigated by different assay methods including D P P H radical 
scavenging assay, |3-carotene bleaching assay, T E A C assay and hemolysis assay. The 
application of CP as antioxidant was evaluated by the determination of lipid peroxide 
value in different food models. The antibacterial and antifungal activities of CP were 
studies using selected microorganisms. 
To explore other potential application, the antiproliferation activity and 
cytotoxicity on selected human cancer cell lines were also conducted. Preliminary 
















































































































































































































































































































































































































































































































































































































































































































































































































































Table 1.2 Some naturally occurring antioxidants. (Rajalakshmi et a/.,1996) 
Natural Antioxidants  
Amino acids P-Carotene ‘ 
Carnosine Carnosol 
Citric acid Curcumin 
Eugenol Flavonoids 
Lecithin Lignans 
Nordihydriguaiaretic acid Phenolic acids 
Phytic acid Protein hydrolysates 
Proteins Rosmarinic acid 
Saponins Sterols 
Tartaric acid Uric acid 
Turmerin Vitamin C (Ascorbic acid) 













































































































































































































































































































































































































































































































































































































































































































Table 1.4 Active oxygen and related species (Pokorny et al, 2001) 
Radicals Non-radicals 
O2'' superoxide H2O2 hydrogen peroxide 
HO- hydroxyl radical IO2. singlet oxygen 
HO2. hydroperoxyl radical O3 ozone 
L' lipid radical L O O H lipid hydroperoxide 
LO2. lipid peroxyl radical Fe=0 iron-oxygen complexes 
LO. lipid alkoxyl radical HOCl hypochlorite 
N02" nitrogen dioxide 
•NO nitric oxide 
RS' thiyl radical 































































































































































































































^ ^ C ( C H 3 ) 3 Butylated hydroxytoluene 
(BHT) 
C H 3 
Figure 1.1 Chemical structures of synthetic antioxidants, BHA and BHT. 
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Chapter 2 Materials and Methods 
2.1 Standards and reagents 
A R T S (2,2'-azinobis- (3-ethylbenzothiazolin-6-sulfonic acid), (3-carotene(Type 
II, H P L C grade.), B H A (Butylate hydroxyanisole), ascorbic acid, B H T (Butylated 
hydroxytoluene),(+)-catechin,DPPH(2,2-diphenyl-l-picrylhydrazyl),N-(2-Hydroxyet 
hyl)piperazine-N'-(2-ethanesulfonic acid) hemisodium salt (HEPES) solution, Gallic 
acid, Folin and Ciocalteu's phenol reagent, quercertin, rutin, manganese dioxide 
(activated) , linoleic acid, Tween 40, sodium bicarbonate, sodium pyruvate were 
purchased from Sigma Chemical Co.. Antibodies, Dulbecco's Modified Eagle's 
( D M E M ) Medium, fetal bovine serum, fungizome (amphotericin B 250 i^g/ml), 
hydrogen peroxide (30%, w/v), Miller LB broth, nutrient agar, Triton X-100, 
phosphate buffered saline, 1% penicillin (10,00Ounit/ml)-streptomycin (10,000|ig/ml) 
and potato dextrose agar were purchased from Invitrogen. 
3-(4,5-dimethylthiazoly-2)-2,5-diphenyl tetrazolium (MTT) and R P M I 1640 medium 
were obtained from ICN. A A P H (2,2'-axobis(2-amidinopropane) dihydrochloride) 
was supplied by Wako. Chloramphenicol and Trolox (±)-6-hydroxy-2,5,7,8-
tetramethyl-chroman-2-carboxylic acid were obtained from Fluka. Glucose was 
obtained from B D H . Sephadex LH-20 (particle size’) was purchased from Amersham 
Bioscience. Cell proliferation ELISA-BrdU (chemiluminescence) assay kit and 
cytotoxicity detection kit (LDH) were bought from Roche. PeroXOquant™ 
quantitative peroxide kit was obtained from Pierce. Ethanol, methanol, isopropanol, 
propan-1 -ol (HPLC grade) were obtained from Merck. 
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2.2 Plant materials 
Castanea mollissima nuts were purchased from a local market in Yuen Long. 
The shells were peeled manually and stored at 4。C prior to extraction. (Figure 2.1) 
2.3 Pigment preparation 
One thousand grams of Chinese chestnut shells were boiled in 6L distilled 
water for five hours. The extract was filtered with filter paper (Whatman No.2) under 
vacuum to remove the residue. The filtrate was then concentrated by 
rotary-evaporator (Buchi, series RElll). 
In subsequent purification process, solvent extraction by dichloromethane and 
ethyl acetate was performed. A volume of 800ml concentrated pigment solution was 
extracted with dichloromethane in a 1:1 ratio using a separating funnel this extraction 
was repeated three times. The upper brown aqueous fractions were pooled and were 
extracted with ethyl acetate in 1:1 ratio. This extraction was also repeated three times. 
The lower brown aqueous fractions were then collected and lyophilized. The dry 
pigment powder was stored at 4。C in a desiccator. 
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耀薩 
Figure 2.1 The Castanea mollissima shells. 
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2.4 Determination of antioxidant activity 
2.4.1 Trolox equivalent antioxidant capacity (TEAC) assay 
The free radical scavenging abilities of the selected compounds were assessed 
by the method of Miller et al (1996). This technique was used to measure the 
relative ability of antioxidants by comparing with standard amounts of the synthetic 
antioxidant Trolox, a water-soluble vitamin E analogue. 
ABTS.+ radical cation was prepared by passing 5 m M aqueous stock solution of 
A B T S + through Ig M n O i on filter paper (Whatman no. 5). Then, the excess MnO? 
was removed by passing the filtrate through a O.l^M Whatman P V D F syringe filter. 
The solution was diluted in 5 m M PBS to an absorbance of 0.7 at 734 n m (土 0.02) 
and pre-incubated at 30°C prior to use. All A B T S + radical cation solution was freshly 
prepared before used. A 2.5mM Rolex in PBS was prepared and used as standard. 
Ultrasonication was used to dissolve all the crystals. The working solution was 
prepared by diluting the 2.5mM Trolox with PBS before used. After the addition of 
50|^ 1 Trolox and the test compound to 1ml of A B T S + radical cation solution, the 
solutions were mixed by vortex for 30s. PBS blanks and methanol blanks were run in 
each assay. The dose-response curve for Trolox was obtained by plotting the 
absorbance at 734nm as the decrease in absorbance of A B T S + solution against 
Trolox concentration. The activities of test compounds were assayed at six different 
concentrations which had been determined to be within the range of the 
dose-response curve. All test compounds assayed in triplicate at the six 
concentrations. The mean Trolox equivalent antioxidant capacity (TEAC) value was 
derived for each tested compound according to the Trolox dose-response curve. 
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2.4.2 DPPH* radical scavenging assay 
The second method used to determine the antioxidant activities of CP was the 
DPPH* radical scavenging assay as reported by Brand-Williams et al. (1995). In this 
assay, lOO^ il of tested samples were added to 3.9ml of 6xlO"^M methanolic solution 
of DPPHV The decrease in absorbance at 515nm was recorded continuously at one 
min intervals for 30min with a Milton Roy spectrophotometer. Pure solvent was used 
instead of antioxidant as control. The percentage inhibition of DPPH* radicals at 
5min was calculated according to Yen et al. (1994): 
% inhibition = A s(0) - A s(5) X lOQo/o (2.1) 
s^(O) 
where A s(o): Absorbance of the sample at t = 0 min; 
A s(5) ： Absorbance of sample at t = 5 min. 
2.4.3 P-carotene bleaching assay 
The ability of CP to protect against the oxidation of p-carotene and linoleic 
acid emulsion was carried out as according to Lee et al (1995) with some 
modifications. 
Five milligrams of P-carotene was dissolved in 50ml of chloroform and the 
solution was stored at 4。C for up to one month. Then, 1ml of the p-carotene solution 
was added to a round bottom flask containing 40mg linoleic acid and 400mg Tween 
40. After the removal of chloroform under vacuum at 40°C in a rotary evaporator 
(Buchi, series RElll), 100ml of oxygenated distilled water were then added to the 
flask and mixed by vigorous shaking. After that, 40|il of CP or antioxidant standard 
solutions was added to 3ml emulsion and mixed well in a test tube. Pure solvent was 
used instead of antioxidant as control. Both the sample and the control were placed in 
water bath and incubated at 50。C. The absorbance at 470nm was taken before and 
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after incubation for 30min. The antioxidant activity was expressed according to Lee 
et «/.(1995): 
o/o inhibition = [Ac(。)-Ac(3。)]-[As(。)-As(3。)] ^ ^ ( 2 . 2 ) 
-A c(0) _ A c(30)-
where Ac (o) ： the absorbance of control at t = Omin; 
Ac (30) ： the absorbance of control at t = 30min; 
As (0) ： the absorbance of the sample at t = Omin; 
As (30) ： the absorbance of the sample at t = 30min. 
2.4.4 Assay for erythrocyte hemolysis mediated by peroxyl free radicals 
The peroxyl scavenging activity of CP was measured as the inhibition of 
erythrocyte hemolysis according to the procedures described by Cheung et al 
(2003). 
Blood was obtained from male Sprague-Dawley rats of body weight 150-200g. 
Erythrocytes were separated from the plasma by centrifugation at 1500g for lOmin. 
The cells were then washed three times with 10ml of l O m M phosphate buffered 
saline (PBS) at pH 7.4 and. An aliquot of 0.1ml of 20% erythrocytes suspension was 
mixed with 0.2ml of 2 0 0 m M 2,2‘-azobis(2-amidino-propane) dihydrochloride 
(AAPH) and 0.1ml PBS solution containing different concentrations of CP(l-5 
mg/ml). The mixture was shaken gently and incubated at 37°C for 3h. After 
incubation, the mixture was diluted with 8ml PBS (Absorbance A) while complete 
hemolysis was achieved by treated with 8ml distilled water (Absorbance B). The 
mixture was centrifuged at 1500g for lOmin The absorbance of supernatant was 
measured at 540nm by Milton Roy spectrophotometer. Ascorbic acid was used as 
positive control. The percentage hemolysis inhibition was calculated by the 
following equation according to Cheung et al. (2003): 
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% hemolysis inhibition = (1-A/B) x 100% (2.3) 
2.4.4.1 Determination of IC50 
Inhibiting concentration (IC50) was determined. Blood mixed with A A P H was 
incubated with sample in a multiple dose. The IC50 was interpreted as the 
concentration exerts 50% protection on hemolysis which was obtained from linear 
2 
regression of analysis (r > 0.95). 
2.4.5 Extraction of CP as antioxidant in various food models 
The antioxidant activity of CP was evaluated by measuring the change in the 
peroxide value (PV) in food models including butter cookies, salad dressing and fried 
potato chips during storage. 
2.5 Preparation of food samples 
In butter cookies and salad dressing, two concentrations (1% and 0.5%) of CP 
were tested. For fried potato chips, potato slices were treated by two concentrations 
(5% and 1%) of CP. Food models without the addition of CP was used as control. 
2.5.1 Butter cookies 
The ingredients for the cookies were 150g flour, lOOg butter, 1 egg, 75g sugar, 
water and different concentrations of CP. Well-kneaded dough was chilled for 30min 
and rolled to flatten to 3 m m thickness and shaped by cookies cutter. The disks were 
baked at 180°C for 20min in an electric oven. The cookies were individually sealed 
in a polyethylene bags and incubated at 25°C. The extraction of peroxide from food 
products were according to Kuniko et al. (1992) with some modifications. 
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2.5.2 Salad dressing 
The ingredients for salad dressing were olive oil, vinegar, water (50:3:47), 2g 
sugar, Ig salt and different concentrations of CP. All ingredients were mixed by a 
commercial blender for 2min. Aliquots of 3ml were added to falcon tube and 
incubated at 25°C. At stated time interval, oil samples were obtained from the salad 
dressing by centrifugation at SOOOrpm for lOmin (Beckman GS-15R). Propan-l-ol 
was used to dilute the sample in a 1:9 ratio. 
2.5.3 Fried potato chips 
Fresh potatoes were peeled and sliced around 1.5mm thickness. The potato 
slices were soaked in solution of different concentrations of CP for 24h. For the 
control, distilled water was used instead of CP solution. The potato sliced were 
blot-dried using paper napkins prior to frying. Peanut oil was heated up to 180°C and 
frying was conducted in domestic fryer. The potato chips were individually sealed in 
polyethylene bags and incubated at 25°C. About 300mg samples were taken out and 
grounded at stated time interval and extracted with propan-l-ol in a 1:2 ratio. 
2.5.5 PeroXOquant^^ quantitative peroxide assay 
Peroxide value was determined by PeroXOquant^'^ quantitative peroxide assay 
(Pierce) according to the manufacturer. The detection of peroxide was based on 
oxidation of ferrous to ferric ion in the presence of xylenol orange. Hydrogen 
peroxide converts ferrous to ferric ions at acidic pH. Then, the ferric ions formed 
complexes with xylenol orange to yield purple colored products which could be 
detected at 595nm by spectrophotometer (Conlon et al., 2002). 
In this assay, working solution was made by mixing 1 volume of 2 5 m M 
ammonium ferrous(II) sulfate and 100 volumes of 4 m M B H T with xylenol orange in 
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methanol. This working solution should be freshly prepared before used. Hydrogen 
peroxide (0-250|iM) was used as standard. A volume of 20|il sample extract or 
peroxide standard and 200|il working solution were mixed and incubated at room 
temperature for 20min. The absorbance was taken at 595nm by a microplate 
spectrophotometer (SpectroAmax^^ 250). The concentration of peroxide in the 
sample was calculated by the standard curve (Figure 3.5.1). 
2.5.6 Statistical analysis 
All samples were determined in triplicates and the results were presented as 
mean 土 standard deviation (SD). All data were analyzed by a two-tailed Student Mest. 
Differences with p<0.05 were considered statistically significant. 
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2.6 Determination of antimicrobial activity 
Bacteria and fungi stocks were obtained from the Biology Department, The 
Chinese University of Hong Kong. 
2.6.1 Determination of antibacterial activity 
The inhibition of microbial growth was determined according to the procedure 
by the National Committee for Clinical Laboratory Standards (1997). 
2.6.1.1 Bacteria stock 
Nine food borne bacteria, Bacillus cereus (ATCC 2), Bacillus subtilis (ATCC 
82), Escherichia co/z(ATCC 26), Listeria monocytogenes (ATCC 984), Micrococcus 
luteus (ATCC 147), Salmonella typhimurium (ATCC 13843), Staphylococcus aureus 
(ATCC 4012), Stenotrophomonas maltophilia (ATCC 12714), Pseudomonas 
aeruginosa (ATCC 142), were grown and shaken overnight in flasks containing 10ml 
of Miller LB broth at 37°C. The turbidity of the actively growing broth culture was 
adjusted with sterile broth to obtain IxlO^CFU/ml by measuring the absorbance at 
O.D.652nm by Milton Roy spectrophotometer. 
2.6.1.2 Preparation of nutrient agar plate 
Thirty-one grams of nutrient agar and different amount of CP was dissolved in 
IL distilled water and autoclaved at 121°0 for 15 min. Ten ml of autoclaved nutrient 
agar was poured into each sterile petri dish. 
2.6.1.3 Minimal inhibiting concentration (MIC) 
An aliquot of 1 \i\ well mixed bacterial suspension was inoculated to agar plate 
with different concentrations of CP. The growth control plate was inoculated first and 
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then the lowest concentration of CP. Sterile distilled water and chloramphoricol was 
used as negative control and positive control respectively. A second growth control 
plate was inoculated to ensure there was no contamination during inoculation. The 
agar plates were then incubated at 37。C for 24h. The MIC was recorded as the lowest 
concentration of antimicrobial agent that completely inhibits any growth, 
disregarding a single colony or a faint haze caused by the inoculum. 
2.6.2 Determination of antifungal activity 
The inhibition of fungal growth was determined by measuring the diameter of 
fungal mycelium on agar plate. 
2.6.2.1 Fungi stock 
Five fungi, Aspergillus niger (ATCC 85W 4100), Aspergillus oreyza (ATCC 
1003), Neurospora crassa (ATCC 10334), Pemcillium notatum (Ward's 8 5 W 4700) 
and Trichoderma harzianum (ATCC 18647) were cultured in potato dextrose agar 
(PDA) plates and subcultured once a month. 
2.6.2.2 Preparation of potato dextrose agar plate 
Twenty-eight grams of P D A and different amount of CP was dissolved in IL 
distilled water and autoclaved at 121°C for 15min. Ten ml of autoclaved nutrient agar 
was poured into each steriled petri dish. 
2.6.2.3 Growth inhibition effect 
An 8mm^ agar cube with fungal mycelium was inoculated onto agar plates 
with different concentrations of CP. For the control, sterile distilled water was used 
instead of CP solution. The plates were then incubated at 37。C for 1 day {Neurospora 
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crassa) or 7 days {Aspergillus niger, Aspergillus oreyza, Penicillium notatum and 
Trichoderma harzianum) according to the growth rate of different fungi. The 
diameter of fungal colonies were measured and compared with the control. 
2.6.3 Statistical analysis 
All samples were determined in triplicate and the results are presented as mean 
土 standard deviation (SD). The results were investigated by one-way analysis of 
variance (ANOVA) test together with Turkey's method using SPSS software. 
Differences with p<0.05 were considered statistically significant. 
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2.7 In vitro effect on cancer and normal cell lines 
2.7.1 Cell lines 
Human hepatocellular carcinoma HepG2 cells (HB-8065), colorectal 
adenocarcinoma COL0201 cells (CCL-224), lung carcinoma D M S 7 9 cells 
(CRL-2049) and human skin fibroblast Hs68 cells (CRL-1635) were obtained from 
American Type Culture Collection (ATCC). 
2.7.2 Maintenance of cell lines 
All media used were added with 1% penicillin-streptomycin and 0.1% 
fungizome. 
HepG2 was cultured in R P M I 1640 medium supplemented with 1.5g/L sodium 
bicarbonate and 10% fetal bovine serum. COL0201 and D M S 7 9 were cultured in 
R P M I 1640 medium with 2 m M L-glutamine adjusted to contain 1.5g/L sodium 
bicarbonate, 4.5g/L glucose, l O m M HEPES, 1.0 m M sodium pyruvate and 10% fetal 
bovine serum. Normal human skin fibroblast Hs68 was cultured in D M E M with 4 
m M L-glutamine adjusted to contain 1.5 g/L sodium bicarbonate, 4.5 g/L glucose and 
10% fetal bovine serum. All cell lines were cultured in 25cm^ sterile polystyrene 
tissue culture flask (Sarstedt) with 5ml medium and incubated for 24h at 37°C with 
5 % CO2 at fully humidified atmosphere. Cells were subcultured three times a week. 
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2.7.3 MTT assay 
The cell growth inhibitory effect on cancer cell line HepG2, COL0201 and 
D M S 7 9 were revealed by M T T assay method. M T T assay is a quantitative 
colorimetric method for accessing cell growth. The principle of the method is based 
on the ability of mitochondrial dehydrogenases in viable cells to convert soluble 
yellow tetrazolium salt (MTT) to form a dark blue formazan product. The number of 
viable cells is proportional to the amount of formazan product formed. By measuring 
the color intensity of formazan product can hence determine the growth and survival 
of cells (Butler et al” 1996) 
Aliquots of 100|al of cells undergoing exponential growth are suspended in 
fresh medium at a concentration of 1.25xl0^cells/ml. The cells were seeded in a 
96-mutiwell plate and incubated for 24h at 37。C with 5% CO2. CP was dissolved in 
PBS in 2-fold of desire concentration and filtered to sterile. Different concentrations 
of CP were performed by serial dilutions and added to each wells. For the control, 
sterile PBS was used instead of CP. After incubation at 37°C for 24h, 48h or 72h in a 
humidified incubator with 5% CO2,20|al of M T T dissolved in PBS at 5mg/ml was 
added to all wells. Following 5 h incubation, the culture medium was discarded. 
Then, 150|li1 acidified isopropanol was added and mixed vigorously to dissolve all 
the dark blue crystals. Absorbance at 570nm was taken by 96-well microplate 
spectrophotometer (SpectroAmax^^ 250). The percentage inhibition of cell growth 
was calculated as follows: 
% inhibition = (1 - A sample /A control ) X 100% (2.4) 
where A sample: Absorbance of the treated cells 
A control : Absorbance of control cells 
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2.7.4 The Cell Proliferation ELISA-BrdU (chemiluminescence) assay 
The Cell Proliferation ELISA-BrdU (chemiluminescence) assay (Roche) is a 
chemiluminescence immunoassay for the quantification of cell proliferation, which is 
based on the measurement of BrdU incorporation during D N A synthesis. The 
antiproliferating effect on carcinomas HepG2, COL0201 and D M S 7 9 were 
investigated by this method (Hawker, 2003). 
Aliquots of 100|dl of cells undergoing exponential growth are suspended in 
fresh medium at a concentration of 1.25xl0^cells/ml. The cells were seeded in a 
96-mutiwell plate and incubated for 24h at 37。C with 5% CO2. CP was dissolved in 
PBS in 2-fold of desire concentration and filtered to sterile. Different concentrations 
of CP were performed by serial dilutions and added to each wells. For the control, 
sterile PBS was used instead of samples. After incubation at 37°C for 72h in a 
humidified incubator with 5% CO2,20|al BrdU was added to the cells and incubated 
again for 2h. The culture medium was then removed and cells were fixed by using 
100|al FixDenat for 30min. FixDenat was removed and stayed for another 30min. 
The anti-BrdU-POD antibody was added and incubated for 90min to allow the 
antibody bind to the BrdU incorporated in cellular D N A . The plates were washed 
three times with 200washing solution each. Substrate solution containing luminol 
and 4-iodophenol were added and shaken for exactly 3min. Finally, the 
chemiluminescence readings were measured by a microtiter plate luminometer 
(ML3000). The percentage inhibition of cell growth was calculated as follow: 
% inhibition: (1 - A sample /A control ) X 100% (2.5) 
where A sample : Absorbance of the treated cells 
A control : Absorbance of control cells 
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2.7.5 Determination of IC50 
The concentration that exerts 50% inhibition on cell density to control was 
determined as inhibition concentration (IC50). The IC50 was defined as the 
concentration of the test compound that exerts 50% inhibition on cell density as 
compared to the control. The result was obtained from linear regression of analysis 
(r2 > 0.95). 
2.7.6 Cytotoxicity detection assay 
Cytotoxicity detection kit (Roche) was used to quantify cell death and cell 
lysis by measuring the activity of lactate dehydrogenase released from damaged cells 
into the culture medium. L D H is a stable cytoplasmatic enzyme, which is rapidly 
released into the culture medium when plasma membrane is damaged. Therefore, the 
amount of L D H released correlates to the amount of cell death (Valtcheva, 2003). 
2.7.6.1 Optimal cell concentration 
Since different cell types may contain different amount of lactate 
dehydrogenase, the optimum cell concentration for specific cell lines should be 
determined before experiment. The procedure was according to manufacture's 
manual. 
An aliquot of 100|j1 of concentration IxlO^cells/ml to 1.2xl0^cells/ml cells 
undergoing exponential growth were suspended in fresh medium. The cells were 
seeded into a 96-mutiwell plate and incubated for 24h at 37。C with 5% CO2. Then, 
lOO^ il of culture medium with 1% PBS or 2 % Triton X-100 were used as low control 
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and high control respectively. Background control absorbance value, measured for 
culture medium without cells were subtracted. After the cells were incubation at 
37°C for 72h in a humidified incubator with 5 % CO2, cells were centrifuged at 300g 
for lOmin using a Beckman GS-15R centrifuge. Catalyst (Diaphorase/NAD+ mixture) 
and dye solution (INT and sodium lactate) were mixed and 100|ul of the mixed 
solution were added to 100|al culture supernatant. After incubation in darkness for 
30min and the absorbance at 492nm was taken using a microplate spectrophotometer 
(SpectroAmax™250). 
2.7.6.2 LDH detection assay 
Aliquots of 100|Lil of cells undergoing exponential growth were suspended in 
fresh medium at optimal cell concentration. The cells were seeded into a 96-mutiwell 
plate and incubated for 24h at 37°C with 5% CO2. CP was dissolved in PBS in 2-fold 
of desire concentration and filtered to sterile. Different concentrations of samples 
were performed by serial dilutions and added to each wells. For the low control and 
high control, sterile PBS and 2 % Triton X-100 were used respectively instead of 
samples. Background control absorbance value, measured for culture medium 
without cells were subtracted (Table 2.1). After the cells were incubation at 37°C for 
72h in a humidified incubator with 5% CO2, cells were centrifuged at 300g for lOmin 
by a centrifuge (Beckman GS-15R). Catalyst (Diaphorase/NAD^ mixture) and dye 
solution (INT and sodium lactate) were mixed and 100|li1 of the mixed solution were 
added to 100|al culture supernatant. After incubation at dark for 30 minutes and the 
absorbance at 492nm was taken by microplate spectrophotometer (SpectroAmax^'^ 
250). The cytotoxicity in percentage was calculated according to the manufacturer by 
the following equation: 
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cytotoxicity (%) = (A treatment " ^  low control ) ( 6) 
(A 
high control A low control ) 
where A treatment: Absorbance of the treatment 
A low control : Absorbancc of low control 
A high control : Absorbance of high control 
2.7.7 Statistical analysis 
All samples were determined in triplicate and the results are presented as mean 
土 standard deviation (SD). All data were analyzed by a two-tailed Student f-test. 
Differences with p<0.05 were considered statistically significant. 
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2.8 Fractionation and characterization 
2.8.1 Sephadex column chromatography 
The CP preparation was fractionated by Sephadex LH-20 column (1cm 
diameter and 45cm height) chromatography. A 0.5g sample of CP was dissolved in 
1ml of distilled water and filtered by a 0.2|Lim Whatman P V D F syringe filter. Then, 
the extract was applied to the top of column. Elution was achieved with milli-Q water 
for 5h followed by 20% ethanol (HPLC grade) for 5h. Biologic DuoFlow System 
(Bio-Rad) was used to control the flow rate at Iml/min and fraction collection by U V 
detection at 280nm. The elutes were pooled into two fractions (Fr-1 and Fr-2). 
Solvents were removed by rotary evaporation and samples were lyophilized to dry 
powder. The percentage yield was calculated by the following equation : 
n/ . 1 1 rr 本. weight of fraction obtained 
o/o yield of fraction 二 ； xlOO% (2.7) 
weight of CP applied to the column 
2.8.2 Fourier transform infrared (FT-IR) spectra 
IR spectra of CP fractions Fraction-1 and Fraction-2 were obtained in KBr disk 
with a Perkins Elmer spectrum B X FT-IR spectrometer. 
2.8.3 Folin and Ciocalteu's assay 
The content of phenolic compounds in CP and its two fractions were 
determined and expressed as gallic acid equivalents (GAEs). Gallic acid was used as 
the standard to prepare the standard curve. The method was according to Singleton 
and Rossi (1965) and Cheung (2003) with some modifications. 
To perform the assay, 0.1 ml Folin and Ciocalteu's phenol reagent was mixed 
with 0.1 ml sample. After 3min, 0.1 ml saturated Na2C03 followed by 1ml distilled 
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water were added. The mixture was kept in darkness for 90min and absorbance was 
taken at 725nm with a Milton Roy spectrophotometer. 
2.8.4 Statistical analysis 
All samples were determined in triplicate and the results are presented as mean 
士 standard deviation (SD). The results were investigated by one-way analysis of 
variance (ANOVA) test together with Turkey's method using SPSS software. 























































































































































































Chapter 3 Results 
3.1 Determination of antioxidant activities 
Three flavonoid (catechin, quercetin and rutin) and two synthetic antioxidants 
(BHA and BHT) were used in this study as antioxidant standards for comparison of 
antioxidant activity. 
3.1.1 Trolox equivalent antioxidant capacity (TEAC) assay 
Trolox equivalent antioxidant capacity (TEAC) was defined as the 
concentration of Trolox solution with equivalent antioxidant potential to a Img/ml 
concentration of the compound under investigation. The dose-response curve of 
ABTS + scavenging by Trolox was showed in Figure 3.1. 
Dose-response curve of standard solutions and samples were obtained by 
analysis of the ABTS + scavenging ability at six concentrations. The ABTS .radical 
cation scavenging abilities of different antioxidant standards CP as indicated by their 
TEAC values were shown in Figure 3.2. Among the antioxidant standards studied 
quercetin exerted the highest (4.54) while BHT displayed the lowest (1.04) TEAC 
value. In our study, flavorous displayed higher TEAC value than B H A and BHT. CP 
exerted a TEAC value of 0.25, which is relatively low as compared to that of 
antioxidant standards. 
3.1.2 DPPH* radical scavenging assay 
DPPH* radical scavenging assay was also used to study the free radical 
scavenging activity of CP. In this assay, two concentrations of antioxidant standards 
(0.5mM and ImM) and CP (0.5mg/ml and 1 mg/ml) were used for comparison. The 
kinetics of DPPH* radical scavenging reactions of CP and antioxidant standards were 
shown in Figure 3.3. 
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In Figure 3.4, the percentage inhibition of DPPH radicals was calculated at 
5min. At I m M concentration, flavorous displayed higher radical scavenging activity 
than B H A and BHT. The results are consistent with the TEAC assay. Catechin 
exhibited the highest (91.96%) activity while the BHT demonstrated the lowest 
(9.23%) activity on scavenging DPPH radicals. It is because BHT is lipophilic in 
nature while catechin is hydrophilic. From the graph, Img/ml CP showed an 
antioxidant activity of 88.55% at 5min. 
3.1.3 P-carotene bleaching assay 
p-carotene bleaching assay is a method to test the antioxidant activities of 
samples in a lipophilic condition. As in DPPH* radical scavenging assay, two 
concentrations of antioxidant standards (0.5mM and ImM) and CP (0.5mg/ml and 1 
mg/ml) were studied. The antioxidant activities of CP and antioxidant standards were 
showed in Figure 3.5. At I m M concentration, B H A and BHT displayed the highest 
antioxidant activity than the selected flavonids. Among the antioxidant standards, 
B H A showed the highest (93.29%) antioxidant activity while rutin exhibited the 
lowest (64.86%) antioxidant activity. One mg/ml CP displayed 82.77% inhibition 
while 0.5 mg/ml CP showed a 54.77% inhibition. 
3.1.4 Assay for erythrocyte hemolysis mediated by peroxyl free radicals 
In this study, the protective effect of CP on hemolysis by oxidative damage 
of cell membrane of rat erythrocytes was evaluated. CP showed significant protection 
effect against hemolysis and this protective effect was dose-dependent. The 
inhibition concentration (IC50) was determined as 50% inhibition on hemolysis and 
was estimated by linear regression analysis (r^ >0.95). All CP concentrations tested 
expressed statistically significant inhibitory effects on erythrocytes hemolysis and the 
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ICso was determined as 2.31 mg/ml (Figure 3.6). At 5mg/ml, CP showed over 80% 
protection on hemolysis of erythrocytes (Figure 3.6). Ascorbic acid, a positive 
control, showed an IC50 value of 0.12mg/ml. 
In the above in vitro antioxidant assays, CP exhibited positive results and 
showed antioxidant activity in hydrophilic and lipophilic conditions. 
3.2 Potential application as food antioxidant 
3.2.1 Peroxide standard curve 
The formation of peroxide is an indication of lipid peroxidation in foods. 
Figure 3.7 is a calibration curve for the determination of peroxide in subsequent 
experiments. 
3.2.2 Inhibition of lipid peroxidation in different food items 
For butter cookies, there was a significant decrease in lipid peroxidation after 
eight weeks storage when CP was added (Figure 3.8). After twelve weeks storage, 
cookies with 1% CP showed a 23.21% inhibition on peroxide formation as compared 
with the control. For the salad dressing, there was significant less peroxide formation 
after eight weeks storage (Figure 3.9). Salad dressing with 1% CP demonstrated a 
27.38% inhibition on peroxide formation as compared with the control. However, the 
peroxide formation in the fried potato chips has no significant difference between 
samples with or without CP during fourteen weeks storage (Figure 3.10). These 
results illustrated that CP could protect butter cookies and salad dressing from lipid 
oxidation but not fried potato chips under our experimental conditions (Table 3.1). 
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3.3 Potential application as food preservative 
3.3.1 Antibacterial activity 
Nine species of common food borne bacteria were used to investigate the 
antibacterial effect of CP. Bacteria were grown on agar plate with CP in a dose range 
of 0.25-2% for 24h. The growth of bacteria were recorded and shown in Table 3.2. 
The minimal inhibiting concentration (MIC) was recorded as the lowest 
concentration of antimicrobial agent that completely inhibits growth, disregarding a 
single colony or a faint haze caused by the inoculum. In this study, five Gram-
positive bacteria including Bacillus cereus. Bacillus subtils, Listeria monocytogenes. 
Micrococcus lute us and Staphylococcus aureus and three Gram-negative bacteria 
Escherichia coli, Salmonella typhimurium and Stenotrophomonas maltophilia were 
selected. CP possessed inhibition effects on both types of bacteria. At a concentration 
up to 2%, CP demonstrated inhibitory effects on the growth of all tested bacteria. 
Among the tested bacteria, CP exhibited the strongest inhibition Micrococcus luteus 
with the lowest MIC (0.25%) while Listeria monocytogenes and Salmonella 
typhimurium with the highest MIC (2%) value (Table 3.3). 
3.3.2 Antifungal activity 
Among the five selected fungal species, two of them, Neurospora crassa and 
Aspergillus niger, are food borne fungi which cause deterioration of food. Fungal 
mycelium was inoculated on agar plate with CP in a concentration of 0.05-1% for 
one day to seven days according to the growth of fungi. The results were presented in 
Figure 3.11. CP could significantly inhibit the growth of Aspergillus oryzae, 
Neurospora crassa and Penicillium notatum. One percent CP showed 39.27o/o, 9.08% 
and 8.79% inhibition on the growth of Neurospora crassa, Penicillium notatum and 
Aspergillus oryzae respectively. However, CP showed no effect on inhibiting the 
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growth of Trichoderma harzianum at all tested concentrations. In addition, CP 
displayed a significant promotion effect on the growth of Aspergillus niger at 
concentration up to 0.5%. 
3.4 In vitro effect on human cell lines 
3.4.1 Effects on the growth of human cancer cells 
The effects of CP on the growth of human cancer cells including HepG2, 
COL0201 and DMS79 were studied by M T T assay, a method based on the ability of 
mitochondrial dehydrogenases in viable cells to convert M T T to a dark blue 
formazan product. The selected human cancer cells were treated with CP at 
concentration ranging from 50 to SOO^ig/ml for 24, 48 and 72h at 37°C. The dose-
dependent and time-dependent effects were investigated. IC50 is the concentration of 
the test compound which exerts a 50% inhibition on cell density as compare to the 
control. 
CP inhibited the growth of all selected cancer cells in a dose-dependent 
relationship (Figure 3.12, Figure 3.14 and Figure 3.16). CP significantly inhibited the 
growth of HepG2, COL0201 and DMS79 with IC50 of 293.00|Lig/ml, 170.66^g/ml, 
691.95|ag/ml respectively (rVo.95) (Table 3.4). Moreover, CP inhibited HepG2, 
COL0201 and DMS79 growth in a time-dependent manner. The increase in 
incubation time resulted in an increase of inhibition on cancer cell growth (Figure 
3.13, Figure 3.15 and Figure 3.17). 
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3.4.2 Antiproliferative effect on selected human cancer cells 
The antiproliferation effects of the CP on human cancer cells, including 
HepG2, COL0201 and DMS79 were determined by Cell Proliferation ELISA-BrdU 
(chemiluminescence) assay, a method based on the measurement of BrdU 
incorporation during D N A synthesis. The selected cancer cell lines were treated with 
CP at concentration ranging from 25 to 400|LLg/ml for 72h at 37^C. 
CP showed significant inhibition on the proliferation of HepG2, COL0201 
and DMS79 in a dose dependent manner (Figure 3.18, Figure 3.21 and Figure 3.22). 
CP significantly inhibited the proliferation of the cells with IC50 at 252.42]ug/ml, 
87.49^g/ml and 111.15昭/ml respectively (r^ >0.95) (Table 3.4). 
3.4.3 Cytotoxicity effect on selected human cancer cells and normal fibroblast 
3.4.3.1 Optimal cell density for cytotoxicity determination assay 
The optimal cell density of specific cells should be determined in a preliminary 
experiment since different cell types contain different amount of lactate 
dehydrogenase (LDH). The optimal cell concentrations of human cancer cell lines 
HepG2 (2.5x10^  cells/ml), COL0201 (5x10^ cells/ml), DMS79 (2.5x10^  cells/ml) 
and normal skin fibroblast Hs68 (5x1 O^  cells/ml) were determined before assay. 
3.4.3.2 Cytotoxic effect 
The cytotoxic effect of CP was investigated by measuring the release of lactate 
dehydrogenase released from the cytosol of damaged or dead cells into the culture 
medium. 
Human carcinomas including HepG2, COLC201 and DMS79 cells were 
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treated with CP at concentrations up to SOO^ig/ml for 72h at 37°C. CP did not show 
any significant cytotoxic effect on all cancer cell lines (Table 3.5).The results 
suggested that the CP inhibited the proliferation of cancer cells without showing 
toxicity to the cells. For the human normal fibroblast, CP did not show any cytotoxic 
effect up to 800)LLg/ml. 
3.5 Fractionation and characterization 
3.5.1 Percentage of yield 
The fractionation of CP was carried out by chromatographic separation using 
Sephadex LH-20 column. The chromatogram detected at 280nm was shown in 
Figure 3.23. Eluents from the two peaks were pooled into two fractions (Fraction-1 
and Fraction-2) and dried to powder. Fraction-1 was a yellow amorphous powder and 
Fraction-2 was dark brown in colour. The yield of Fraction-1 and Fraction-2 were 
69.53% and 4.14% respectively (Table 3.6). 
3.5.2 Fourier transform infrared (FT-IR) spectra 
IR spectra were obtained in KBr disk with a Perkins Elmer spectrum BX 
FT-IR spectrometer in order to investigate the functional groups of these two 
fractions. The IR spectrum shown in Figure 3.24 suggested the presence of hydroxyl 
group (3400 cirfi) in both Fraction-1 and Fraction-2. 
3.5.3 Determination of phenolic content 
The phenolic contents of CP, Fraction-1 and Fraction-2 were determined by 
Folin and Ciocalteu's assay. Gallic acid was used as standard and the calibration 
curve of five different concentrations was shown in Figure 3.25. The phenolic of 
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sample was expressed in terms of gallic acid equivalents (GAEs). The phenolic 
content of CP was 0.649mmoles of GAEs/mg (Table 3.7) Fraction-2 showed a 
significantly higher phenolic content (3.446mmoles of GAEs/mg) than 
Fraction-1 (0.144mmoles of GAEs/mg). The result suggested that most of the 
phenolic compounds of CP were present in Fraction-2. 
3.5.4 Determination of antioxidant activity 
The antioxidant activities of CP and its two fractions were evaluated by T E A C 
assay. From the results, CP exerted a T E A C value of 0.25. After fractionation of CP, 
the T E A C value was found to be significantly increased in Fraction-2 (0.67) and 
decreased in Fraction-1 (0.10) (Figure 3.26). The results suggested that Fraction-2 
attributed to the antioxidant activity of CP. 
3.5.5 Relationship between phenolics and antioxidant activity 
It is reported that phenolic compounds were associated with antioxidant 
activity (Yen et al., 1993). The antioxidant activity and the phenolic content of Fr-2 
were the highest while Fr-1 is the lowest among the three samples. 
3.5.6 Antiproliferative effect on cancer cell 
The antiproliferation effects of the CP, Fraction-1 and Fraction-2 on HepG2 
were determined by the Cell Proliferation ELISA-BrdU (chemiluminescence) assay. 
HepG2 cells were treated with CP and Fraction-1 at concentration ranging from 25 to 
400|Lig/ml, and Fraction-2 at concentration ranging from 3.125 tolOO|ag/ml for 72h. 
All samples showed significant inhibition on the proliferation of HepG2 cell line in a 
dose dependent manner (Figure 3.18, Figure 3.19 and Figure 3.20). Fraction-2 and 
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Fraction-1 showed a stronger effect than CP. Fr-2 gave the most promising result 
with IC50 of 43.40|Lig/ml, Fr-1 displayed a higher IC50 of 118.90|jg/ml and CP 
showed the highest IC50 of 212.81|Lig/ml (Table 3.8) 
3.5.7 Cytotoxic effect 
3.5.7.1 HepG2 human cancer cell line 
The cytotoxic effects of CP and its two fractions, Fraction-1 and Fraction-2, 
were evaluated by the cytotoxicity detection assay by measuring the release of 
Lactate dehydrogenase. HepG2 cells were treated with CP up to 800|Lig/ml, the two 
fractions, Fraction-1 up to 400|ug/ml and Fraction-2 up to 100|dg/ml for 72h. All 
samples did not show any significant cytotoxic effect on HepG2 cancer cells in the 
tested concentrations (Table 3.9). 
3.5.7.2 Hs68 human normal fibroblast 
The cytotoxicity effect on normal human fibroblast was examined by 
cytotoxicity detection assay described previously. Hs68 cells were treated with CP, 
Fr-1 and Fr-2 for 72h at 37。C with the maximum concentration and the highest EC50 
value determined by the Cell Proliferation ELISA-BrdU (chemiluminescence) assay. 
Hs68 cells were treated with CP up to 800|ag/ml, the two fractions, Fraction-1 up to 
400iLig/ml and Fraction-2 up to lOO^ ig/ml for 72h at 37。C. All samples did not show 
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Figure 3.1 Dose-response curve of ABTS + scavenging by Trolox. Values were 
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Figure 3.2 Antioxidant activities of CP and antioxidant standards as 
determined by ABTS.+ scavenging assay. TEAC value was determined by the 
concentration of Trolox solution with equivalent antioxidant potential to a 1 mg/ml 
concentration of the compound under investigation. Values were represented as 
means 士 S.D. of triplicate measurements. 
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Figure 3.3 Kinetics of DPPH* radical scavenging reaction of CP and 
antioxidant standards. Values were means 土 S.D. of triplicate measurements. 
The concentrations of all compounds were expressed as mM except that of CP 
which was expressed as mg/ml 
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Figure 3.4 Antioxidant activities of CP and antioxidant standards as 
determined by DPPH' radical scavenging assay at Smin. Values were means 土 
S.D. of triplicate measurements. The concentrations of all compounds were 
expressed as mM except that of CP which was expressed as mg/ml. 
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Figure 3.5 Antioxidant activities of CP and antioxidant standards as 
determined by the 0 -carotene bleaching assay. Values were means 土 S.D. of 
triplicate measurements. The concentrations of all compounds were expressed as 
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Figure 3.6 Dose-response curve of hemolysis inhibition at different 
concentrations of CP. Values were means 士 S.D. of triplicate measurements. 
Significant difference (*) comparing with the control at p< 0.05 by two-tailed 
Student "test. 
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Figure 3.7 The calibration curve of peroxide value for PeroXOquant^^ 
quantitative peroxide assay. Values were means 士 S.D. of triplicate 
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Figure 3.8 Lipid oxidation in butter cookies during storage for twelve weeks. 
Values were means 土 S.D. of duplicate measurements. Significant difference (*) 
comparing with the control at p < 0.05. 
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Figure 3.9 Lipid oxidation in salad dressing during storage for twelve weeks. 
Values were means 土 S.D. of duplicate measurements. Significantly difference (*) 
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Figure 3.10 Lipid oxidation in fried potato chips during storage for fourteen 
weeks. Values were means 土 S.D. of duplicate measurements. Significant 
difference (*) comparing with the control at p < 0.05. 
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Table 3.1 Effect of CP on inhibition of peroxide formation in different food 
samples during a twelve weeks storage period. 
% inhibition of peroxide formation 
0.5% CP treatment" 1% CP treatment" 
Butter cookies 18.98±0.28 23.21±2.08 
Salad dressing 25.45±2.56 27.38±0.67  













































































































































































































































































































Table 3.3 Comparison of minimal inhibiting concentration (MIC) of CP 
on selected food borne bacteria 
Bacteria MIC  
Micrococcus luteus 0.25% 
Bacillus cereus 0.50% 
Pseudomonas aeruginosa 0.50% 
Staphylococcus aureus 0.50% 
Escherichia coli 1 % 
Stenotrophomonas maltophilia 1 % 
Bacillus subtils 2% 
Listeria monocytogenes 2% 
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Figure 3.11 Antifungal activity of CP on selected fungi. Values were represented 
as means 土 S.D. of triplicate measurements. Significant difference (*) comparing 
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Figure 3.12 Dose-dependent effect of CP on HepG2 proliferation by MTT 
assay after 72h incubation. Values were means 士 S.D. of triplicate 
measurements. Significant difference (*) comparing with the control by 
two-tailed Student Mest at p < 0.05. 
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Figure 3.13 Time-dependent effect of CP on HepG2 proliferation by MTT 
assay at 24h, 48h and 72h incubation. Values were means 土 S.D. of triplicate 
measurements. Significant difference (*) comparing with the control by 
two-tailed Student /-test at p < 0.05. 
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Figure 3.14 Dose-dependent effect of CP on COL0201 proliferation by MTT 
assay after 72h incubation. Values were represented as means 土 S.D. of 
triplicate measurements. Significant difference (*) comparing with the control by 
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Figure 3.15 Time-dependent effect of CP on COL0201 proliferation by 
MTT assay at 24h, 48h and 72h incubation. Values were means 土 S.D. of 
triplicate measurements. Significant difference (*) comparing with the 
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Figure 3.16 Dose-dependent effect of CP on DMS79 proliferation by MTT 
assay after 72h incubation. Values were means 士 S.D. of triplicate 
measurements. Significant difference (*) comparing with the control by 
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Figure 3.17 Time-dependent effect of CP on DMS79 proliferation by MTT 
assay at 24h，48h and 72h incubation. Values were represented as means 土 S.D. 
of triplicate measurements. Significant difference (*) comparing with the control 
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Figure 3.18 Dose-dependent effect of CP on HepG2 proliferation by Cell 
Proliferation ELISA-BrdU (chemiluminescence) assay after 72h incubation. 
Values were represented as means 士 S.D. of triplicate measurements. Significant 
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Figure 3.19 Dose-dependent effect of Fraction-1 on HepG2 by Cell 
Proliferation ELISA-BrdlJ (chemiluminescence) assay after 72 h 
incubation. Values were means 士 S.D. of triplicate measurements. 
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Figure 3.20 Dose-dependent effect of Fraction-2 on HepG2 proliferation by 
Cell Proliferation ELISA-BrdU (chemiluminescence) assay after 72h 
incubation. Values were means 士 S.D. of triplicate measurements. Significant 
difference (*) comparing with the control by two-tailed Student /-test at p < 
0.05. 
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Figure 3.21 Dose-dependent effect of CP on COL0201 proliferation by Cell 
Proliferation ELISA-BrdU (chemiluminescence) assay after 72h incubation. 
Values were means 士 S.D. of triplicate measurements. Significant difference (*) 
comparing with the control by two-tailed Student 广-test at p < 0.05. 
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Figure 3.22 Dose-dependent effect of CP on DMS79 by Cell Proliferation 
ELISA-BrdU (chemiluminescence) assay after 72h incubation. Values were 
means 士 S.D. of triplicate measurements. Significant difference (*) comparing 
with the control by two-tailed Student Mest at p < 0.05. 
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Table 3.4 Comparison of EC50 of CP on HepG2, COL0201 and DMS79 
cells by MTT assay and Cell Proliferation ELISA-BrdU 
(chemiluminescence) assay after 72h incubation. 
IC50'(Mg/ml)' 
HepG2 COL0201 DMS79 
MTT assay 293.00 170.66 691.95 
BrdU assay 212.81 87.49 111.15 
^Values represented the results of three independent experiments 
'^ ICso was interpreted as the concentration which exerts 50% inhibition on cell 
growth as compared to the control which was obtained from linear regression of 
analysis (r^  > 0.95). 
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Table 3.5 Cytotoxicity of CP on different human cell line 
Cell lines 
HepG2 COL0201 DMS79 Hs68 
IC5ob(Mg/ml)a >800 >800 >800 >800 
^Values represented the mean of triplicate measurements 
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Figure 3.23 Chromatogram of CP. Chromatography was performed using a 
Sephadex LH-20 column with detection at 280nm. 
Peak "1" indicated Fraction-1 while peak "2" indicated Fraction-2. 
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Table 3.6 Recovery of CP fractions obtained from chromatographic separation 
Fraction Yield (%) 
Fraction-1 69.53±1.53' 
Fraction-2 4.14±0.6ia  
T ^ 73.70±1.22  
ao/o yield was calculated by (weight of fraction obtained/weight of CP applied to 
he column) X100% 
^Values were means 士 S.D. of triplicate measurements 
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Figure 3.24 FT-IR spectra of (a) Fraction-1 and (b) Fraction-2. 
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Figure 3.25 Calibration curve of gallic acid for the Folin-Ciocalteu assay. 
2 
Values were means 土 S.D. of triplicate measurements, (r >0.95) 
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Table 3.7 Phenolic content of CP, Fraction-1 and Fraction-2. 
Phenolic content (mmoles GAEs^/mg sample)^  
CP 0.649±0.005' 
Fraction-1 0.144±0.014^  
Fraction-2 3.446±0.06”  
^GAEs, gallic acid equivalents 
'^ Values were meansiS.D. of triplicate measurements 
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Figure 3.26 Antioxidant activities of CP, Fraction-1 and Fraction-2 as 
determined by ABTS.+ scavenging assay. TEAC value was determined by the 
concentration of Trolox solution with equivalent antioxidant potential to a 1 mg/ml 
concentration of the compound under investigation. Values were represented as 
means 士 S.D. of triplicate measurements. 
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Table 3.8 Comparison of IC50 of CP, Fraction-1 and Fraction-2 on HepG2 





^Values were means of triplicate measurments 
bjCso was interpreted as the concentration which exerts 50% inhibition on cell 
density as compare to the control which was obtained from linear regression of 
analysis (r^  > 0.95). 
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Table 3.9 Cytotoxicity of CP, Fraction-1 and Fraction-2 on different human cell 
lines 
M p g / m i ) 
HepG2 HS68 
CP >800 >800 
Fraction-1 >400 >400 
Fraction-2 ^ ^  
""Values were mean of triplicate measurements 
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Chapter 4 Discussion 
CP is a brown pigment extracted from the shells of Castanea mollissima. 
According to pervious studies, CP is non-genotoxic, stable in light and at high 
temperature (121。C). In animal studies, results on the haematology, blood chemistry 
and urinalysis test indicated that CP has no acute or chronic toxic effects on the 
tested rats (Leung, 2001). Therefore, CP has been suggested to have the potential as a 
natural food colour additive in a wide variety of food products including canned food, 
bottled beverage, gravy, etc. 
4.1 Application of CP as a natural food additive with multi-purposes 
More and more synthetic food additives have been found to have adverse 
physiological effects on human health, including anaemia, pathological lesions in 
brain, kidney, spleen and liver, tumors and cancer, paralysis, mental retardation, 
abnormalities in offspring, growth retardation, and eye defects(Aboel et al., 1997; 
Goyle, Gupta, 1998, Wichi, 1988). For examples, B H A and B H T are free radical 
scavengers and have been shown to have strong antioxidant activities (Camire and 
Dougherty, 1998; Iverson, 1999). They can terminate the free radical chains in the 
lipid oxidation by acting as electron donors. However, they were shown to have 
tumor-promoting effects (Lindenschmidt et al., 1986). The U S Food and Drug 
Administration (FDA) currently permits B H A and B H T as food additives but the 
dosage of B H T and B H A are limited to 100-200ppm. On the other hand, some 
antioxidant vitamins including vitamin C and vitamin E, phenolic compounds such 
as catechin, quercetin and caffeic acid have been used for food antioxidants for 
preventing lipid peroxidation (Tsao, 1997, Chen and Ho, 1997). Food additives 
obtained from natural sources are generally safer than synthetic ones, thus, they may 
be able to replace the synthetic ones. 
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Since there is an increasing trend using natural food additives and some of 
these natural compounds are found to have various beneficial effects, the multi-
purpose of natural food additives has been recognized. Natural food additives with 
multi-purpose effects, for example, having antioxidant activity, antimicrobial activity 
and health beneficial effects, are highly attractive to customers. 
In addition of its colouring property, CP was also found to have antioxidant 
activity and antimicrobial property. These suggest that CP has the potential to be a 
multi-purpose food additive as colorant, antioxidant and preservative. 
4.1.1 CP as a natural food antioxidant 
There are various antioxidative reaction mechanisms, which may be attributed 
to strong hydrogen donating ability, metal chelating ability, and their effectiveness as 
good scavengers of hydrogen peroxide, superoxide, and free radicals (Gulcin et al., 
2003). There are many antioxidant assay methods and modifications for evaluation 
of antioxidant activity. Since the antioxidant activity is strongly dependent on the 
model system in which it is evaluated, a single analytical assay may be inadequate. 
Therefore, a number of antioxidant assays have been used to evaluate and compare 
the antioxidant activity of compounds studied in this research. 
T E A C assay and D P P H radical scavenging assays were used to evaluate the 
free radical scavenging activities of CP in a hydrophilic system. For the T E A C assay, 
CP exerted a T E A C value of 0.25, which is slightly low (Figure 3.2). The effect of 
antioxidants on D P P H radical scavenging is due to their hydrogen donating ability. 
D P P H radical is a stable free radical and accepts an electron or hydrogen radical to 
become a stable molecule (Scares et al., 1997). The results obtained in the DPPH. 
scavenging assay indicated that CP exhibited strong antioxidant activity, 1 mg/ml CP 
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showed an antioxidant activity of 88.55% which is 2.8-fold higher than I m M B H A 
and 9.59-fold higher than I m M B H T (Figure 3.4). 
P-carotene bleaching assay was used to test the antioxidant activity of CP 
under lipophilic condition. In this assay, CP also displayed strong antioxidant activity. 
The antioxidant activity of a 0.1% CP solution was equivalent to I m M quercertin, 
one of the flavonids with strong antioxidant activity (Figure 3.5). The results 
suggested that CP could also work in the emulsion system. 
The hemolysis assay of antioxidant activity using rat erythrocytes as model 
system was also investigated. In this assay, rat blood cells are attacked by peroxyl 
radicals and the antioxidant activity of test compound is monitored by its protective 
effect on hemolysis. The results also showed that CP could inhibit erythrocytes from 
hemolysis. Up to 5mg/ml, CP showed over 80% protection on hemolysis (Figure 
3.6). 
CP exhibited positive results in the above four antioxidant assays, i.e. T E A C 
assay, D P P H radical scavenging assay, p-carotene bleaching assay and hemolysis 
assay. This shows that CP has antioxidant activity in hydrophilic system, lipophilic 
system as well as in mammalian cell membrane system. 
Many food products such as ice-cream and salad dressing are in the form of 
emulsion. In this study, CP displayed antioxidant activity in food items including 
butter cookies and salad dressing. The effect of CP on the inhibition of peroxide 
formation was significant in butter cookies and salad dressing during a twelve weeks 
storage period. The addition of 1% CP exhibited 23.21% and 27.38% inhibition on 
peroxide formation in butter cookies and salad dressing respectively. The results 
showed that CP could protect food items from lipid oxidation. This may be due to the 
antioxidant activity of CP which is able to scavenge the lipid peroxide radicals. 
However, CP showed no significant inhibition on peroxide formation in fried potato 
89 
Discussion 
chips up to fourteen weeks storage. This indicated that CP could not protect the lipid 
peroxidation in potato chips. It may be due to insufficient absorption of CP by the 
potato chips. CP could inhibit lipid peroxidation in food products by scavenging lipid 
peroxide radicals. The results imply that CP has the potential application to preserve 
food products by extending the shelf-life. 
4.1.2 CP as a natural food preservative 
Food borne microorganisms are also one of the major causes of food spoilage 
and food poisoning. Antimicrobial agent as food preservative is essential in various 
food products. It is known that various polyphenols have antimicrobial activities. For 
example, green tea inhibited the growth of Staphylococcus aureus with a MIC value 
of 250ppm (An et al, 2004). 
CP displayed antibacterial activity and inhibited the growth of all tested food 
borne bacteria with MIC value ranging from 0.25% to 2%. Among the tested fungi, 
two of them, Neurospora crassa and Aspergillus niger, are food borne 
microorganisms which cause deterioration of food products. Our results 
demonstrated that 1% CP could significantly inhibit the growth of Neurospora crassa. 
However, CP displayed a significant promotion effect on the growth of Aspergillus 
niger in the dose up to 0.5%. This might due to CP being a nutrient for fungal growth 
or the presence of growth promoting compounds in CP. 
These results implied that CP possesses significant antimicrobial effects on the 
selected food borne microorganisms, especially in food borne bacteria. CP could 
inhibit the growth of food borne bacteria and hence prevent food intoxication. In 
addition to its food colouring property, CP has the potential as a multi-purpose food 
additive, which possesses antioxidative, antimicrobial and food colouring functions. 
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4.2 Potential health-beneficial effects of CP 
Many epidemiological studies suggest that a high consumption of secondary 
plant products, which are widely distributed in fruits and vegetables, could protect 
the human body from free radicals attack and retard the progress of many chronic 
diseases such as cancer and cardiovascular disease (Lai et al., 2001, Gulcin et al., 
2003, Schlersier et al., 2002). These substances possess high antioxidant activity and 
are counterparts to oxidative stress. Therefore, CP may have the potential 
health-beneficial effects on human body. 
4.2.1 CP as dietary antioxidant 
Oxidative stress has been implicated in the pathogenesis of many kinds of 
disease such as cancer, cardiovascular disease and Alzheimer's disease. There are 
numerous antioxidants such as Vitamin C and E, carotenoids, flavonoids and 
polyphenols that could be obtained from our diet. For example, citrus fruits and 
kiwifmits showed high level of antioxidant activity (Ferguson et al, 2004). A 
number of polyphenols act as antioxidants with different levels of efficacy and could 
be found in different foods. Green tea is a good example, it contains a variety of 
polyphenolic compounds including epigallocatechin-3-gallate. 
Antioxidants are responsible for health beneficial effects by preventing 
oxidative injury in the following ways: (1) scavenging free radicals, (2) chelating 
metal ions and (3) inhibiting the activity of enzymes including lipoygenase, 
cyclo-oxygenas, xanthine-oxidase, phospholipase A2 and protein kinase (Arredondo 
et ^ ?/.,2004). 
In this study, CP showed promising antioxidant activity on various antioxidant 
assays in hydrophilic, emulsion as well as mammalian cell membrane system. In 
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T E A C assay and DPPH* radical scavenging assay, CP displayed free radicals 
scavenging ability. CP also showed antioxidant activity in the lipophilic condition by 
the P-carotene bleaching assay. In mammalian cell membrane system, CP showed 
over 80% protection on hemolysis by using 5mg/ml concentration (Figure 3.6). The 
results showed that CP could protect cells from damage or lysis. CP was found to be 
safe and showed no cytotoxic effect on normal human fibroblast (Table 3.5). 
Therefore, CP may act as a dietary antioxidant in preventing oxidative stress or 
chronic disease by protecting our body from the attack of free radicals. 
4.2.2 Antiproliferative activity of CP 
Many of the cancers including colon and breast cancer are thought to be 
related to dietary habits (Ferguson et al., 2004). Epidemiological studies showed that 
phytochemicals from fruits or vegetables might have beneficial effect in protecting 
human body against oxidation damage by reactive oxygen species such as certain 
types of cancers, arteriosclerosis, malaria, rheumatoid arthritis and ageing-related 
disease (Dipiock et al., 1998，Halliwell, 1997, Soong et al., 2004). In this study, the 
focus was on the possible anticancer property of CP. 
M T T assay is a quantitative colorimetric assay for detecting cell growth, based 
on the conversion of tetrazolium salt (MTT) a dark blue formazan product due to the 
mitochondrial dehydrogenase activity in viable cells (Molinari et al., 2003). From the 
results, CP could significantly inhibit the growth of selected cancer cells including 
liver carcinoma, colon adrenocarcinoma, and lung cancer cells. The percentage 
inhibition on growth of all tested cancer cells increased while the dose of CP 
increased (Figure 3.13, Figure 3.15 and Figure 3.17). In addition, when the 
incubation time increased, the percentage inhibition increased. Therefore, these 
results suggested the CP inhibited the growth of cancer cells in a dose-dependent as 
92 
Discussion 
well as a time-dependent manner. 
Apple peels are waste products from apple sauce and canned apple 
manufacture. It was found to have high content of phenolic compounds and 
antioxidant activity. In addition, apple peels showed inhibitory effect on cell 
proliferation with IC50 ranging from 12.4 to 20.2mg of peels/ml by the M T S assay on 
HepG2 cells (Wolfe et al, 2003). In comparison, CP showed higher antiproliferative 
activity than that of apple peels (IC5o=293.00^g/ml). 
However, there is a promotion of COL0201 and D M S 7 9 cells growth at low 
concentrations of CP below 100昭/ml in (Table 3.14 and Table 3.16). There might be 
growth promotion factors in CP at low concentrations. In cell free condition, some of 
the thiol-containing antioxidant compounds reduced M T T to blue formazan products 
in dose dependent manner (Mohan et al., 2001). The negative value of percentage 
inhibition might be due to the reaction of CP with M T T but not by cell growth. 
Although M T T assay is a fast, inexpensive and widely used assay for the 
determination of cell growth, there are some limitations such as the mitochondrial 
uncoupler may disrupt the assay (Collier et al., 2003). So, M T T assay is usually used 
for screening of the antitumor effect. In this research, the Cell Proliferation 
ELISA-BrdU assay was carried out to confirm the antiproliferation activity of CP. 
The Cell Proliferation ELISA-BrdU assay is a chemiluminscence assay which is 
based on the measurement o f D N A of proliferating cells. Thus, the Cell Proliferation 
ELISA-BrdU assay provides a more sensitive and accurate measurement for 
estimation of proliferation comparable to M T T assay. The results showed that CP 
displayed antiproliferative effect on selected cancer cells including liver carcinoma, 
colon a d r e n o c a r c i n o m a , and lung cancer cells with a promising IC50 (Table 3.4). 
Since the Cell Proliferation ELISA-BrdU assay is a more sensitive assay, the results 




When there is cell death or cell damage, lactate dehydrogenase is released 
from the cytosol of the cells. So, the cytotoxicity could be estimated by measuring 
the enzyme activity in the culture supernatant. The results did not show any cytotoxic 
effect up to 800|dg/ml of CP on the tested human carcinomas including liver cancer 
cells, colon cancer cells, and lung cancer cells (Table 3.5). These results suggested 
that CP could inhibit the growth and proliferation of cancer cells with mechanism not 
related to cell lysis. Further studies are needed to understand the mechanisms as well 
as its application in cancer prevention. 
4.3 Further characterization of CP 
Phenols are one of the major plant constituents that are interesting from many 
points of view such as antioxidant activity, astringency and colour (Moure et al., 
2001, Packer, 1999). It was reported that phenolic compounds were associated with 
antioxidant activity by their scavenging ability due to their hydroxyl groups and play 
an important role in stabilizing lipid peroxidation (Yen et al., 1993). Some recent 
studies suggested there is a highly positive relationship between total phenols and 
antioxidant activity was found in many plant species (Venlioglu et al., 1998, Vinson 
et al, 1998). 
IR spectra were obtained in order to investigate the functional groups of the 
two fractions and the IR spectra suggested the presence of hydroxyl group (3400 
cm]) in both fractions (Figure 3.23) (Socrates, 1994). In addition, the Folin and 
Ciocalteu's assay was used to estimate the phenolic contents of the fractions, based 
on the oxidation of phenolic groups with Folin and Ciocalteu's reagent. Both of the 
fractions showed positive results in this assay, which indicated the presence of 
9 4 
Discussion 
phenolic compound in both fractions. In comparison of the two fractions, Fraction-2 
showed significantly higher phenolic content than Fraction-1 (Table 3.8). This 
suggested that the brown colour component consists of phenolic compounds. 
T E A C assay was used to evaluate the antioxidant activity of these fractions. 
Both of the fractions showed significant antioxidant activities, which could be 
explained by their hydroxyl structure as determined by FT-IR and Folin and 
Ciocalteu's assay. The major brown color fraction (Fraction-2) showed a 
significantly higher antioxidant activity than that of the yellow fraction (Fraction-1). 
These results indicated that the phenolic compounds may be the component 
responsible for antioxidant activity of CP and its fractions (Figure 3.26 and Table 
3.7). Therefore, there might be a positive relationship between the phenolic content 
and antioxidant activity of the compound. 
CP showed promising antiproliferative activity on human cancer cells. In the 
development of CP as a potential drug, it is necessary to isolate the active compound. 
Therefore, sephadex LH-20 was used for the purification of the active fraction. Two 
of fractions isolated were shown to have significant antiproliferative activities on 
human liver carcinoma, HepG2. The major brown color fraction (Fraction-2) showed 
a promising antiproliferative (IC5o=43.40^g/ml). Its IC50 value was much lower than 
the IC50 of CP extract (IC50二252.42昭/ml) as determined by the cell proliferation 
ELISA-BrdU assay (Table 3.9). This suggested that the active components might be 
related to the brown colour component. Moreover, both of the fractions did not show 




4.4 Future perspectives 
In addition to the potential applications of CP as food colorant and food 
preservative, CP may be able to be developed into a functional food with cancer 
preventative property. To achieve this, further purification and characterization of the 




Chapter 5 Conclusion 
CP was extracted from the shells of Chinese chestnut {Castanea mollissima), 
which is an agricultural waste. According to pervious studies, CP is non-genotoxic, 
stable in light and high temperature (121。C). In animal studies, results on the 
haematology, blood chemistry and urinalysis test indicated that CP has no acute or 
chronic toxic effects on the tested rats (Leung, 2001). Therefore, CP has been 
suggested to have the potential as natural food colour in a wide variety of food 
products including canned food, bottled beverage, gravy, etc. 
In this research, CP was shown to display strong antioxidant activity in 
different antioxidant assay systems including hydrophilic, lipophilic and animal cell 
system. 
CP was shown to inhibit lipid peroxidation in food items including butter 
cookies and salad dressing. CP exhibited strong antibacterial activity on some food 
borne bacteria. In this study, the results showed that CP might have valuable 
applications as a multi-purpose food additive, including the colouring property, the 
antioxidant and antimicrobial activity. 
Moreover, CP showed antiproliferative effect on selected human cancer cell 
lines but no cytotoxic effect was found. The possibility of anticancer activity might 
further expand CP's application as a value-added food additive with health beneficial 
property. 
Preliminary characterization of CP was also carried out. A major brown colour 
fraction was isolated by Sephadex LH-20 column chromatography. This purified 
brown coloured fraction displayed higher antioxidant activity, total phenolic content 
and an t ip ro l i f e r a t ive activity than that of the crude CP. The Fourier transform 
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